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MODEL-SPACE APPROACH 10 PARITY VIOLATION IN
HEAVY NUCLEI

rhc mtxlel-.pace mppmach io the MIn IJ Ix,[h *hrlt m.wi-l .amist,arl.!iral .PP,-.
In --upy mmtjmn r,f nu+ar phcrtumrn~ 1he Koal IJ I hiu +miun it r,, I,rinq ,,UL
I he main [hmwrrical iatws inwdwri in im hpplmatim Id parity t-iidatim in Ih?
rslmpnurrrt nurkus. %-titm I .if [hr rurrrnc pap-rzet~thr nfm~f,lrrh- xiun.
,mdSfil . 2 imrduo * .md ●xplom th- ml Idrl+pace f. Irmulm ion M it mwlrrliez
quuzf imtive rnnrwr-r imc I hat H b~ins mdr bm~ I he meazr-zq~ matrix +-
1~ .\f 2 meamred in puhrizd neul rim zral Irring f~)m L-ompid nuc~l ~~1 t hF
utddying parity vidm ing imeram inn. Th~ ii Ldfouerl in I he paprr hy kmvic
hy a rt%ptti uf huw smtiut icd sprrt~py is npplicd In Ihh probkm, and in
I he paper by H+= by ● dizrrumion uf ~hrll-mudel mpects nf parity violaiorr m I he
o-umpound nuctwuc.

1 Introduction to Session

The u= of polarized nmmon scnttermg frnm compound nuclei for empiricnl
titudim of parity violation haa well-known advantaqea. The large parity violat-
ing rsignalwaa fimt obtained in Ref.’ in mensurementa of the longitudinal #pin
a9ymmet ry PM,

P-
Ir”(-)-uti(-)

“ - @v(-) +U”(—)” Ill

whine u“( - ) is the total cross section for neutmm polarized parallel to thrir
moment a to rwattm from a p-wave compound nuclear (CS ) reaonanc~ iv >
atE= E,. h haa been undemtood for a long time how a magnification of
a factor of about 1($ can ark from the the chaotic behavior of compound-
nuclew resonances when the measurement are performed on low-lying p-wave
mcmanc~ 2’3.

Recently, there have km important development- on the experimental
side to exploit [he large magnification m retch mactionm. The TRIPLE collab-
oration ‘Is wd the intense neutron beam m the LAMPF/LAWX.E facility to
mmwwe P“ on ●wmblea of p-wave monances in the uame nucleus, making it
pcssible to ~xtract the mean value .\I%.

,112= < #lL”--lu >2, (2)

where I“PV is the parity violating interaction in the nucleun. umingutatizztical
averaging and known properties oft he (.”Nmtonuncm. The average in Eq, (2)

I
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lbih rcprt was pmparcd ** an ●.smrnl mf wrrrh ~muwmt hy mr ●pwy Iri lhc I Inikrf Slat-
(irwrrnmwnl. NciUrcr Ihc I hntal SIaIm ~hwmrrmn!w uryWIrcytkrmf. rnrrwryd Ikir
Cn.tk.yccs,mirhcs nny wnrrrmly, esprmh or m!~imf, Irr mswllc~ Hny k~l kzhilily IN rC*pl-
hihl} [Iv Ihc cccurnry. mn.lktcncz% Irr u4rlncw Irt tmy mhmralnm. uppwrmluhrwrdud,ur
pnum dimh~. ur rcprwuntt thrni it$ u= wmrlrf nul inrrmnc priwrlely owned rl~ht~ Rcfw-
enL.. krmn III any ~cifii cmrrmcrcinl prrdm.., prrnc!w, ur =rvkc hy Irmk nmrm. Irsdcmarb.
manukcqwrwr. Irr otkrwiw dim mrt rm~rily tlm~ilutc m wnply its cmfumcnmnl, rmxrrtZ-
rncmfn!irm,IrrWwrlnghy [k 1Inilal !$tstcs (iovcrnmcnl IN mry WMY lkti, The V*
,~ ,@,nNm d •ul~ cm- krwin dn mri m-rily +Islc W ~~f ~~ “r ‘k

[ hitd SIatcw (iuvcrnnmt or ●ny mgraty Ikrd.



This mnkes the unfolding of the nuclmtr srrucrure nncl rhe I. P’. in EtI. 12)
a qualitatively diffc+mntprocedure from that familiar in ~hA1-nlodd nnaly-
of matrix elernrn[s between specific nucle,ar statm. whine nne i~ ~xpw-td to
be much more wnsitive (O phw ml Nprrdlc admixt um compotwnts of thp
nuclear ●i,genslat-. One wtpmts thal the rxtractlon of ~.p~. frwm data rn
he a more robust promdure for .\f2. Niuceone is only interested in an overall
scale that is dewrmined by the average squared matrix element of the pnrity-
violating interaction.

Two theoretical qumtions that med to h~ amvrred in order to accomplish
the primary thmrecical object itw are ( 1 ) how doen one determine the (Meet ive)
P1’ interaction I-PV in nucl~i if one is given th~ free-space PN’ intmact ion and
i2) how doea one determine .V2 from 1“‘~.? Various attswm to thew qua ions
haw been given, and a major goal of this amaion i~ to asaess lhwwtirallv rht=
~tatua of the anwwa. The former issue is ronsidemd in the talk hy Jnhmmn
rind the latter in the talk by Tomsovic. of mu-, the rxperirnentnl data on
the N, Z. and A d~pendence of M2 ment inned nhow will supply inforrmuion
for a complementary ●mpirical ~nmnr.

Tomsovic will diccusa Mntistical ~pwtroucopy 7: he, along with FrrI h nnd
rrdlaborators, applied thia method IO the problrm uf tinw rw~mal rnymnw-
try The same met hod waa later applied to parily-vinlntion in the rompound
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[:iaun I: [ imglraintr fin F- ,anrl FO imp”wrthy rxperimemmin liqht nuclei md nell:It,n.
mh,nam-r wmtming [rlli~).

IIUCIHMIl.! ohnaon. Bowman. ml Ym ‘j undm the awmmption that rhe (.”N
Mat= we Matisticd nmnixtura of plan~waw? stntm rharactmistic of nuckmr
mat ter. The rtmultof thig wry strnightforward calculation is shown in Fig. 1
and indicam that the conatrnints on the main coupling cmwtanra Fr and Fll
of I-PV nbtained from the analysie of the [.’S wnwwea (dlipae) agreea to
within a factor of two m ao with those obtnined earlier from t~e analymisof
various data in light nuclei.

Let me briefly mention an alternatiw method to statistical spertroscupy:
nnme]y. Ihat of !dambaum and k’fJKN ‘. Th~y nv~rnge [ \ .Pv )2 ow=rprinripl?
romponenlo of many-body wnvFfunctions within a spreading width [o qrl .113.
IVw Iliflmencea hmwen th? apprcmrhra in thr following. Frmwh nnd Tonww
vir U.Wthe mmtral limit theowm to t=stablkh a hivariatr (.bumaian/part itiomxl
fimn for ntwngth functiorm. Thry determme the prnprrtim of thr hivariatv
( ;auauiana from momenta of th~ Ilnmiltcmian and \“P’”. On the other hand.
Vorov and Flambaum introduce two main parametem in th~ir avmaging pro-
rdure, the number of principle cumponent~ makmg up t lN+ f ‘N WIVP funrt m

?4 nnd th~ nprmding wdth r, whirh they Inkc dirwt Iy frnm wqvmnwnt.
An attractive poinl about liw Fnmrh and “~lllllMJVIC appmnrh INthnt II IH
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[n the nmdel-~pacr npproach. one lwqins hy chmmin~ n finite -t of dingk
partirle orbit da lo upan the model spncc iu which the vdwm nutlcmIMmow.
The valence nuclmma are t- thnt lie omside a mnwniwitly rhuwm - rem”.
For Uranium and Thorium. amPb forma naturnl mm: rdthouqh tIn nuclmnti
in the CON are complmely p-ive from the point of vie= oft he nucleas mud+
Mpacewmmfunction. the} dc play an important rol~ in the dynamica. Efictiw
intmact ion theory dmwlope i ’20yrara ago (- for ●xnmple R~f. 4) iu n proce-
ilum for ralculatinq the *Irong-interaction Hamiltonian and effective operatom
appropriate to the model cpacc from thck underlying f-pace rmtntrrpnrta.
“Hmrumhoda of df-tiw interaction tImory provide n haok king schmw fur
writing down terms that con~ribut~ aud for rnakhq cdculationw One may
think ti \.pr amone of the &tiw qwwora. in which ctw I“P1. hru n me
lm4 part. which exp~ the PV influence of tb row nuclrona on a vnktm
nucleon, and a t~hody part. whkh rxpremm the P%’influenc~ uf one vnlencc
M&ott on snot her wkam nurlmm. Each or thmr haa n dellnite rdaticmultip
to the I“pr in fw apace. given by tlw thry of Ref.’, for ●xample.

onc may mmdcr why, in vi+w of the introdurmry cnmmrnts. such sophk
:irnt~ t~hniqw m@ be nAed for th pmbl~ni of minting .Us RI.IJl“~v ?
II iBIwceswy to mcn.ion a bit of history 10 ntwm r thim. Ill the original rnlcu-
Iation of Johnwn, Bowman, and Wmq [Fiq, 1). wv w llmt tlw vnlw of tlw
pnrarrwteraare abut tlw uame M th~ nmld !II*splain PV in light uuclri.
Johnson. Rnwmm, and You fouud in iIwir nuckar mattm npprmtrh ihat tlw
mldt arisea Innirdy from thr mt-hndy part of I ho pnrity \’ilJbtill~ intmwr ion.
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The possibility mstu of using the +~rt iv~ mterart ion tIwory to t-t I hs Mwr-

t ivrnnur of statistical spect rcraccpyu~ing an appropriate+ rhmwn toy plohhn.

h’ point is that one would Iikr to qaln mperiencr applyinq wal iriticrd spPr-
t msropy in ra= whine intershell mixing is of rrurinl importmwe, SWit is fl)r
parity violation. [ will diacum two trots.

huagine a model npace mnsisl ing of n #hell rumpowl of rwnrly ll~genwntp
sillqle-partkle 618* of odd pnrity, !3iIy. To mak~ thr ~ituation :malognurrto
n hew y UIAUS, we emhd WI intrudw state Ilf pmi~lve pnrity and :u~gular

.
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ill,ml~llllllll}:. J,l -, J. UII..II:: !,.-” Ill ~tl- h-f 9 ~ I.p I 1..111 1]11..1./,- q.., .
,

:* iln~~m-1 r,. 11* III* (1111Hd,m: -I WC”.-. IIIW11.I P I,, rl:ldlz:u:. .I,- fp.ul . ....
+.-1 I*P 1111-rlfrl..ll rll,~,ry :Ir,. IN-.,i..1 I .:..1 1Il.. .+f....l Ii* -rfi\n* :11~,.r.p.l: [:

. .
IIICIFh- .#*rIw- l’\ mrmwrum. If ‘iv. I’\. :1:1.ma,.~1..ilw111..ilw. Ilk.- i. ,r .i,=

r,.} [Irm.I.],.Iu 1,t IM- lWmO.lyIre-i.-II,MI} :11ll.lrlIH.m ::1- s .MW n. .m,alli41n* III If r“x
+1,,-IJI* ill l? qm,w. 1IIMI \ -‘“ W-III Ill:dw I 11..I, t:llll-hill: i., .mrlllllil. 41l!, .::-
Ilim is I h~ IyI * ,’~siruarl~.nFwwlwh wvwni q,,-vr +.-..p~ W* ,I,tc+N.,1 “III.!
I!IIISth~ +li IIIIJIIFIan,] -131MId -IwI.Ip a.I”Il,y-hIdlbi It,,rh III,IC.] .F u i..ll: !}

lFml FI) rlw ●anw wdrw fur .\ I:. -. r!lat r11- rII-q w..Iu.l rhu~ 14P- Ill,. f. .r

IIruvvl*l hy rhi- Hrr+rIISyprdd-m.
Lw ua rww I.C,rmhicra wrund r,.y pvhbm. Iw d pdap warm mrw-

,ar. \VP d rdl rwo +nwrs: n smd -IIAI. ml rIb th~ ml,lerlymu PY
intwm ion to hmw Imrh a om- xnd n !wo-body pi-. W droll k&IJ rhc Iiw
*hell the mme M it wad in rIw Krat toy pmhlmn. huf suppmw rhnt nmw I1f
th~ trdrlparity stata in the Ilrutshd h?- thr sam* mmular mmwnt urn as rIIP
inr:u&r stat~ jql ~) >. m Ihat whw Ih~ IInmdtnnimn h .]iaqi]naliz~l in rll~

lll~i~l ~~a~ nnd .\/a ~nkdatfil ar~o~iiliu [~ f%~.[? 1. t IW lJl@ttll]~ lliFf~ of r11P
Pf’ int~rnction would not contribute.

!4uppoee the ~nd ulwll rnnsi,t%d pm w parity *ratm -pararml hy A}:
rrom rhc firet: rh- rwo shclla romtnut~ rh~ full ~pac~ (or rhis my pmt+n,.

- Let ua furthrr SUPPW rhat rlw -nd Ml mm nnw a ruatr :js( ~ ~ >, wlvw
lotd ringular momentum jb happma to be the arm w rhat I)f nn~ of rh~
mgatiw parity atat- in [be Iowm shell. ouch that thr ..tebody pnrr of l-p\-
hae a non-vanishing intemhell matrix element < jb[~)lt.p~” !jb(-) >.

Tlw task for the -hell model u m diaqonalize the errong interuti.m nu-

merically in the .-ombbed space oft he two dde and calculate .Vz according
ro Eq. (2) (it u importnnt m remember that tlw avmagmg u dom owr a /rrr
●met dgenatatm inthe low-lying region of the mpertrum). Sow. from the may
w hrw m up the spuem M’ will hwe n non-vaniahing pi-: rommg from
rk I)w-my w wil a9 tk tuo-lmdy pieces of \-pv.

How do w calculat~ .V1 umi~ utntistical mprtracopy? Statmtic.al *pw-
Imopy appk. by amumpion. only in th~ luwr Iu&) shell. W+ will haw
In •~tii~ in~wtti thmry to calculate Imth the rmortna]iaed utrrmg mml
PV interaction in thii ahrll. an they arm from the inflwnre UCthe MM rwp
rtrntmlhy sE, We mmy hen mpplymtatietical up~trcxopy in the Wb ~hrll
wit h the zmormdhed interaction to ●drmte rsvalue for ,Uz, The lwhrwior
of the matrix ekettc d the otdrody part in uf particular intetvat. miner it
contnbu~ only by virt~ of intmehell mixing.

What w our qwctationa’! If AE iu rmticimr Iy Inrge, a ~rturhn~ iw
cdcublion of the renormalization ( Flambmtm and vnrcw rnlculated mw of

tl
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‘ ‘ I_hr Doorway Jlmhanlsm---

Sow, l~t nw disrr.m why otir calculation :1 ,Yfrhr .luerb~-h iFlambaum-Yoruv
m rhanims gave much ~mnller results than originally found by the authors of
this work. Bowman and 1 first wrote down. ilsing rhe book k~pinq language of
Ref. -4i the Inrqua.geof folded diagrams). the renormalization of the tw-body
lmrt of rhe dfect ire \ ‘Pi. that corrmpondd to [he 0- spin dipol~ doorwmy
-rn~~com riburion of Auerhach ‘“’rmd the pertutbativ~ tmm of Flnmlmum and
\.mov d. These tw-opieces wrtw -n to h, In fact, quite CICIS+ rdatecl usinq
111Pmany-body language: in the doorway approach. the (Ioorway state roupl~
rhe CXM-body piece of the PV interaction. thrcmgh part icle-hole mcit at ions
rfmpled to ~ -, into the two-body piece of the effective PV immaction. Hle
ptirturbative term 8 reprewncs the [wading term of ihe sequence: we Ref. :‘ for
IIWails. \Yhen we put these trrtm together and evaluated rh~m consistmtly.
th~ net contribution got wry small!

\VF’1 r~pmented the 0- ●ibratiom (an iao~~ctor nnd an isoacalar) m [he
ram- DancoF approximation (TDA). fixing the energy of these #tatea rmpiri-
rally. We coupled this “rlM phonon into the valence space with a twmh+
r-itlud dfect iv? interaction of the Lrmdau-Migdal type: the TDA phom.m
-t arts out as a vibration of the cow induced by the on~body IW’interaction.
Import ant m obtaining our small result was Ihe implication of expwimental

i



13) Many empirical searches rind theretical Mudi- have b~n undertaken
for pion condensation precursor effecrs. All have hen negative. suggesting [hat
attract ion (from tensor forces) cannot compete against the central int~raction
that givm n large repulsion 14.

[-1) As an example of (3). the Iatmt experiments at Loa AIamoa 13. namely
(pm) mezmmementa on 40Ca (at q ~ 2 fro-]. small . ). of the raiio of the
*pin-longitudinal/spin-r F=nevmw r=ponse function. found little evidence for
nn attraction in the spin-longitudinal ~‘.annels,

The net effect of the above considerations is that the renormalization from the

Auerbach/Flambaum-Vorov mechanisms inmuch suppmaecl. so that the large
intemhell mixing needed to give the rmdts in Fig. 1 is missing from th~ thmry
at present.

The cl- connection between the tl- monanc- and the df~ctive PV inter-
act ion depende quite claaely on our using the TDA phonons and the assumption
that th~ couple back into the model apace with the Landau- Migdal inter-
~nction. Subtle dynamical considerations arise when one triemto juntify thin
amumption, so it is probably useful emphasize out that the A-dependence of
the new TRIPLE data could give an empirical means to distinguish alternative
modele. given that the A-dependence of the theory can be quite strong’.
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